Objectives. We examined the association of physical activity with prospectively assessed posttraumatic stress disorder (PTSD) symptoms in a military cohort.
Recent military operations in Iraq and Afghanistan have been characterized by sustained ground combat, persistent risk, and multiple protracted deployments. Increased psychological symptom reporting has engendered heightened concern for the postdeployment mental health of service members and, in particular, the public health burden of posttraumatic stress disorder (PTSD). [1] [2] [3] [4] A previous study using data from all U.S. service branches identified new-onset self-reported PTSD symptoms in 7.6%-8.7% of deployers who reported combat exposures, 1.4%-2.1% of deployers who did not report combat exposures, and 2.3%-3.0% of nondeployers. 4 PTSD is associated with poor physical health as well as negative health behaviors, such as tobacco use and problem alcohol drinking. [5] [6] [7] [8] [9] [10] [11] The extent to which behavioral correlates of PTSD mitigate or mediate PTSD symptoms and associated morbidities is currently under investigation. 12 While research has focused on adverse health behaviors, the relationship between positive health behaviors (e.g., physical activity) and PTSD has not been fully explored.
Studies of depression and anxiety have pointed to the mental health benefits of physical activity, and researchers have postulated a number of mechanisms by which physical activity may modulate mood and the stress response. [13] [14] [15] [16] [17] [18] [19] While previous research indicates that physical activity may mitigate PTSD and related symptoms, other studies indicate that exercise habits of PTSD patients may be substandard. [20] [21] [22] [23] In a retrospective study among Brazilians, physical activity levels decreased after the onset of PTSD. 24 These previous studies, however, were limited by small sample sizes, retrospective designs, and an inability to control for possible confounders. 20, [22] [23] [24] [25] The purpose of this study was to investigate new-onset, resolution, and persistence of PTSD symptoms in relation to type and quantity of physical activity in a large, population-based cohort of U.S. military service members.
METHODS

Population and data sources
The Millennium Cohort Study was launched in 2001, before the start of the current operations in Afghanistan and Iraq, to gather and evaluate behavioral and occupational characteristics related to military service that may be associated with adverse health outcomes. 26, 27 The methodology of the Millennium Cohort Study has been described elsewhere in detail. 27 Participants for this study were enrolled in 2001. Participants are followed every three years, regardless of military status at the time of follow-up. Of the U.S. service members invited in 2001, 77,047 (36%) completed a baseline questionnaire and consented to participate in this prospective study.
Investigations of potential biases found the Millennium Cohort to be well-representative, with participants reporting reliable data and not influenced to participate by poor health before enrollment. [28] [29] [30] [31] [32] [33] [34] [35] Invited participants were randomly selected from U.S. military personnel serving in 2000, with oversampling for women; those who deployed to Bosnia, Kosovo, or Southwest Asia (1998) (1999) (2000) ; and Reserve and National Guard members. Of the 77,047 consenting participants, 55 ,021 (71%) completed the follow-up questionnaire (2004) (2005) (2006) .
Participants in this study included consenting members who completed baseline and follow-up questionnaires. Given that deployment experience is associated with an increased risk of PTSD and onset of symptoms may be delayed, participants with deployment experience in support of the operations in Iraq and Afghanistan prior to baseline or who completed a questionnaire while deployed were removed from analyses (n55,333). 1, 2, 4 Because physical activity levels may vary during pregnancy, those women who reported being pregnant, giving birth, or having a miscarriage since baseline were also excluded (n52,765). Participants were also excluded from the study population if any of their responses for the physical activity questions did not include the number of days and minutes per day of physical activity (n52,991) or lacked internal consistency (n51,032). Of the remaining 42,900 eligible participants, 38,883 (90.6%) with complete data were included in this study. The participants were then stratified into two study populations according to absence (n537,482, 96.4%) or presence (n51,401, 3.6%) of baseline PTSD symptoms to investigate newonset and persistent symptoms.
We obtained demographic and military-specific data from electronic personnel files and included gender, birth year, education level, marital status, race/ ethnicity, deployment experience, pay grade, service component (active duty and Reserve/National Guard), service branch (Army, Air Force, Navy, Coast Guard, and Marine Corps), and occupation.
Data from the Millennium Cohort questionnaires include information regarding physical and mental health, deployment, occupational exposures, and other health outcomes and exposures. Questions on physical activity were first included in the survey instrument in 2004 (the first follow-up questionnaire) using questions modified from the 2001 National Health Interview Survey. 36 Participants reported their typical weekly physical activity at follow-up by estimating the average number of minutes per day and days per week spent in each of three categories: strength training, vigorous physical activity, and moderate or light physical activity. For each category, participants were given the option to indicate "none" or "cannot physically do." Strength training was described by the questionnaire as "strength training or work that strengthens your muscles (e.g., lifting/ pushing/pulling weights)." Vigorous physical activity was described as "vigorous exercise or work that causes heavy sweating or large increases in breathing or heart rate (e.g., running, active sports, marching, biking)." Moderate or light physical activity was described as "moderate or light exercise or work that causes light sweating or slight increases in breathing or heart rate (e.g., walking, cleaning, slow jogging)."
For our primary analyses, we classified participants into one of five categories for each type of activity. Participants were placed in the highest activity category for which they met the criteria: (1) "very active," defined as 20 minutes per day for 5 days per week;
(2) "active," defined as 20 minutes per day for 2 days per week; (3) "slightly active," defined as a total of 30 minutes per week, regardless of the frequency or daily duration; (4) "inactive" if reporting a total of 30 minutes per week of activity; and (5) "cannot physically do," if they so indicated. While this is not a standard method of categorization, we decided a priori to classify physical activity in this manner to capture any small differences that may have a positive or negative effect on the mental health of service members.
Additionally, because some service members may be disabled from injuries suffered during deployment or other reasons, we thought it was important to include and examine the participants who indicated that they were not able to perform certain types of physical activity. Because we did not use a standard method of categorization, we performed subanalyses to examine if different ways of classification altered the results. In subanalyses, we calculated each person's total minutes per week and total days per week for each category to further examine the relationship between physical activity and PTSD.
Outcomes
We assessed PTSD symptoms using the PTSD Checklist-Civilian Version (PCL-C), a 17-item self-report measure. 37, 38 Using a five-point Likert scale (from 1 5 not at all to 5 5 extremely), participants rated the severity of each intrusion, avoidance, and hyperarousal symptom during the past 30 days. We used two methods to identify those with PTSD symptoms at baseline and follow-up. The sensitive definition of PTSD symptoms used the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria alone, which requires a moderate or higher level of at least one intrusion symptom, three avoidance symptoms, and two hyperarousal symptoms. 39 Participants met the specific criteria if they had a total score of 50 on a scale from 17 to 85 points and if they met the DSM-IV criteria. 1, 4, [37] [38] [39] [40] [41] Using this instrument with a cutoff of 50 has been reported to be highly specific (specificity 5 99%), but with a lower sensitivity (60%). 40 Among those without PTSD symptoms at baseline, we defined those who met criteria at follow-up as having new-onset symptoms. Among those with PTSD symptoms at baseline, we defined those who continued to meet criteria at follow-up as having persistent symptoms and those who no longer met criteria as having symptom resolution.
Statistical analyses
We completed descriptive and univariate analyses to compare characteristics among PTSD symptom groups as well as physical activity levels. We used multivariable logistic regression to compare the adjusted odds of new-onset and persistent PTSD symptoms by physical activity level in each activity category. We adjusted final models for other types of physical activity, demographics, military characteristics, occupation, self-reported combat exposures, prior PTSD diagnosis, body mass index (BMI), potential alcohol dependence, and tobacco use.
We performed subanalyses to examine possible effects of depression and physical health on the relationship between physical activity and PTSD. The first models controlled for baseline major depressive syndrome, measured by the Primary Care Evaluation of Mental Disorders (PRIME-MD) Patient Health Questionnaire, and assessed using criteria from the DSM-IV. 42, 43 The second models controlled for the transition of physical health from baseline to follow-up, assessed by the change in the physical component summary score from the Medical Outcomes Study Short Form 36-Item Health Survey for Veterans. [44] [45] [46] We performed regression diagnostics, including tests for goodness of fit and collinearity, for all models. We conducted all data analyses using SAS ® version 9.1. 47 We conducted this research in compliance with all applicable federal regulations governing the protection of human subjects in research (Protocol NHRC.2000.007). We obtained written consent from all participants.
RESULTS
Descriptive statistics
Of the 38,883 study participants, nearly all of them reported engaging in some physical activity, with 89.4% reporting at least 30 minutes per week of at least one type of activity. Of the 37,482 participants who screened negative for PTSD at baseline using the sensitive criteria, 1,060 (2.8%) screened positive at follow-up. Of the 1,401 participants who screened positive for PTSD at baseline, 581 (41.5%) also screened positive at follow-up (Table 1 ). Using the specific criteria, 780 participants had PTSD symptoms at baseline, with symptoms persisting in 336 (43.1%) of these members (data not shown). Of the 38,103 participants who did not meet the specific criteria at baseline, 658 (1.7%) had new-onset symptoms at follow-up.
As displayed in Table 1 , univariate analyses revealed that all characteristics were independently associated with screening positive for new-onset PTSD among participants without baseline symptoms. Notably, participants with new-onset PTSD symptoms were proportionately more likely to be female, younger, less educated, not married, current smokers, enlisted, and Army members, as well as more likely to screen positive for problem alcohol drinking, have deployed with combat exposure to the current conflicts, and have an occupation other than combat specialist, healthcare specialist, or functional support compared with those who did not screen positive for PTSD. Among those with baseline PTSD symptoms, participants who screened positive for PTSD at follow-up were proportionately more likely to be older, obese, separated from the military, and Army members as well as more likely to screen positive for problem alcohol drinking, selfreport a PTSD diagnosis prior to baseline, and have not deployed in support of the operations in Iraq and Afghanistan compared with those who only screened positive for PTSD at baseline.
Univariate analyses exhibited that all characteristics were independently associated with moderate or light physical activity (p0.05). Notably, those who were "active" for moderate or light physical activity were proportionately more likely to be female, older, more educated, nonsmokers, without a history of PTSD diagnosis, deployed without combat exposure, still serving in the military, and officers ( Table 2 ). In contrast, those who were "very active" in moderate or light physical activity were proportionately more likely to be younger, less educated, non-Hispanic white, current smokers, with a prior PTSD diagnosis, deployed with combat exposure, enlisted, and serving in a branch other than the Air Force.
With the exception of problem alcohol drinking, all characteristics were also independently associated with vigorous physical activity (p0.05). Participants who were classified as "active" and "very active" for vigorous physical activity were similar to each other.
Both these groups were proportionately more likely to be male, born in 1960 or later, neither non-Hispanic white nor black, underweight/normal or overweight, nonsmokers, without a history of PTSD diagnosis, still serving in the military, officers, serving on active duty, Marines, and combat specialists ( Table 2) . Those who were "active" in vigorous physical activity were also more likely to be more educated and deployers without combat exposure, while those who were "very active" were proportionately more likely to be deployers with combat exposures. All characteristics were also significantly associated with strength-training activity levels (p0.05) and showed similar trends as with vigorous activity levels, with the exception that those who were "active" and "very active" were proportionately more likely to be nonwhite and deployers with combat exposures, while those who were "very active" were proportionately more likely to be enlisted (data not shown).
We compared the physical activity levels of those with and without PTSD symptoms at baseline and follow-up, using the sensitive criteria (Table 3) . Overall, those who had symptoms at follow-up, whether they were new or persistent, were proportionately less active in all three categories of physical activity than those who did not have symptoms at follow-up. However, there was one exception: "very active" engagement in moderate or light activity and strength training was proportionately higher among those with new-onset symptoms than among those with no symptoms at either baseline or follow-up. Trends were similar when PTSD symptoms were defined according to the specific criteria (data not shown).
Multivariable analysis
Multivariable logistic regression revealed a statistically significant association among all three types of physical activity and new-onset PTSD symptoms defined by the sensitive criteria ( d At baseline, participants endorsed at least one of the following: felt a need to cut back on drinking, felt annoyed at someone who suggested they cut back on drinking, felt a need for an eye-opener or early-morning drink, or felt guilty about their drinking. week. Indicating "cannot physically do" for either vigorous physical activity (OR51.47, 95% CI 1.05, 2.07) or strength training (OR52.06, 95% CI 1.45, 2.93) was associated with elevated odds of new-onset PTSD. The ORs for each category among the three types of physical activity in the persistent symptoms models exhibited the same direction of association, with the exception of "very active" for strength training. In general, the estimates were weaker and not as precise for the persistent models (Table 4 ). Specifically, only those who were "active" (OR50.59, 95% CI 0.42, 0.83) or "very active" (OR50.59, 95% CI 0.38, 0.91) for vigorous activity had significantly reduced odds of persistent PTSD symptoms. In the subanalyses, neither baseline depression symptoms nor the change in physical health significantly changed the relationship between PTSD symptoms and physical activity.
When we defined PTSD symptoms according to the specific criteria, results exhibited only minor differences (data not shown). Most notably, the association between strength training and new-onset symptoms was no longer statistically significant. The relationship of moderate or light and vigorous physical activity with PTSD symptoms did not depend on the criteria used, although small fluctuations in significance levels were observed.
To assess the sensitivity of model parameters to the chosen physical activity metric, logistic regression models were fitted using two alternate measures of physical activity (data not shown). When physical activity was measured using total minutes per week, results were similar to the original models. Modest volumes (120 minutes per week) of moderate or light physical activity and any amount of vigorous physical activity were associated with reduced odds of new-onset symptoms as measured by the sensitive criteria. Engaging in vigorous activity 120-300 minutes per week was associated with reduced odds of persistent PTSD symptoms. Physical activity measured by number of days of activity per week exhibited a similar relationship with new-onset and persistent symptoms as the main analyses.
DISCUSSION
Using prospective data from the Millennium Cohort, this study found a statistically significant inverse association between prospectively assessed PTSD symptoms and physical activity measured at follow-up, after At baseline, participants endorsed at least one of the following: felt a need to cut back on drinking, felt annoyed at someone who suggested they cut back on drinking, felt a need for an eye-opener or early-morning drink, or felt guilty about their drinking. controlling for smoking history, problem alcohol drinking, and other possible confounders. Furthermore, this association persisted after controlling for baseline depression symptoms and changes in physical health. The most consistent trend from the multivariable models was the association of vigorous physical activity with decreased odds of both new-onset and persistent PTSD symptoms. There appeared to be a threshold effect, such that increased participation above "slightly active" did not lead to a further reduction in the odds of PTSD symptoms. The associations of light or moderate physical activity and strength training with new-onset PTSD symptoms exhibited a similar, but weaker, pattern. While the relationship between light or moderate physical activity and strength training with persistent PTSD symptoms was not statistically significant, the power to detect such an association may have been limited by the small number of participants who met PTSD criteria at both baseline and follow-up within each activity level. There was also an association between those who reported they were physically unable to do physical activity and PTSD. While only two of the associations were statistically significant, those who reported they were physically unable to do physical activity had increased odds of PTSD for both new-onset and persistent PTSD symptoms in each activity type relative to those who were inactive.
Consisting of a large cohort of U.S. military service members, the study population's larger sample size (n538,883) permitted control for many possible confounders, including smoking status, potential alcohol dependence, BMI, and prior PTSD diagnosis. This was the first study to examine the relationship between physical activity and prospectively assessed PTSD by identifying and stratifying participants according to baseline symptomology. Furthermore, this study considered a more complex relationship between PTSD symptoms and physical activity by using more refined measures of physical activity: three types of physical activity (light or moderate, vigorous, and strength training) and various activity levels (ranging from "cannot physically do" to "very active") within each category.
Overall, U.S. service members are younger and healthier than the U.S. general population and, due to occupational requirements, may be more likely to be physically active. 48, 49 Each branch of the service has PTSD 5 posttraumatic stress disorder established physical fitness tests to ensure readiness to fight. Those who fail the fitness test are administratively managed to improve fitness levels, and those who fail to do so, without an accompanying medical limitation, may be administratively separated from service. The results of this study provide further incentive to strongly enforce these established physical fitness requirements and may possibly suggest that participation in physical activities among service members may be beneficial to prevent and/or treat PTSD. Because researchers have postulated a number of mechanisms by which physical activity may modulate mood and the stress response, it is possible that participating in physical activity may act in some manner to prevent the development of PTSD among those exposed to a traumatic event, as well as alleviate PTSD symptoms among those already diagnosed. 14, 15 While more research is needed, the associations noted in this article may have implications for further research on the prevention and/or treatment of PTSD, a common condition seen in military veterans. 50 Because PTSD tends to be chronic and frequently requires ongoing treatment, additional effective therapies are needed. The lower odds of persistent PTSD symptoms associated with physical activity support further investigation into whether it may have utility as a PTSD treatment. In this study, the disability status of participants who reported they were physically unable to do an activity was not determined. Due to the nature of the questionnaire, we were unable to distinguish between being unable to perform physical activity due to a permanent disability or due to a temporary condition, such as a broken leg or illness. Regardless of the reason, this study indicates that service members who are unable to perform physical activities are at increased odds of screening positive for PTSD. It may be that these service members are more likely to be injured while deployed, which independently increases the risk of PTSD. 51
Limitations and strengths
Despite the longitudinal assessment of PTSD symptoms in this study, the interpretation of the findings from this study was limited by the fact that physical activity levels were measured only at follow-up. Specifically, it was not possible to determine whether physical activity was a precursor or a consequence of PTSD symptoms. Findings from previous studies suggest that both may be true. 20, 22, 24 Additional prospective observational and interventional studies are essential to determine the temporal relationship of physical activity with PTSD. As data collection for the Millennium Cohort study continues, it will become feasible to assess both physical activity and PTSD symptoms longitudinally. Additionally, the PCL-C was used to assess PTSD symptoms and, while it is a standardized and validated instrument, it is a surrogate for a clinical diagnosis and may misclassify PTSD status. Self-reported physical activity was used in this study and may over-or underrepresent actual physical activity levels. 52, 53 However, studies using a variety of survey instruments have found self-report of physical activity to be generally valid and reliable. [54] [55] [56] Frequency and duration of both recreational and occupational physical activities were asked in a single question; activity that is performed as part of one's occupation may be much longer in duration than recreational activities. In a military setting, though, it may be difficult to differentiate between recreational and occupational physical activity, so grouping the two types may be appropriate for this population. Furthermore, because physical activity was categorized into levels, extremely long durations of performing certain activities would not overly influence the results. Finally, because moderate and light activities were combined into a single question, we were unable to analyze the relationship between PTSD and each of these activities separately.
This study also had a number of important strengths. This was the first study to analyze the relationship between physical activity levels and prospectively assessed PTSD symptoms in a large, population-based military cohort. Because many individuals with PTSD symptoms may not seek treatment, the PCL-C survey may more thoroughly and completely capture those with PTSD symptoms than clinical diagnosis or hospitalization data. 1 Strengths of the questionnaire included the ability to quantify both frequency and duration of three types of physical activity, and to distinguish inactivity due to physical capacity from inactivity by choice. Investigation of potential biases in the Millennium Cohort has found the Cohort to be representative of the general military, to report data reliably, and to participate regardless of prior health status. [27] [28] [29] [30] [31] [32] [33] [34] [35] 49, 57 
CONCLUSIONS
This study provides information regarding the physical activity levels of a large, population-based military cohort, including all branches of service and Reserve/ Guard members. Nearly 90% of the cohort participated in some level of physical activity on a weekly basis, which is indicative of a healthy population. This investigation demonstrates that physical activity measured at follow-up, after controlling for baseline depression, smoking history, problem alcohol drinking, and other possible confounders, is associated with decreased odds of PTSD symptoms. This finding suggests a potential for further investigation into whether increasing and structuring physical activity levels among service members, especially those preparing for or returning from deployment, mitigates PTSD symptoms. Randomized trials may aid in understanding whether physical activity is effective for the treatment and/or prevention of PTSD and will provide better guidance to military service members and veterans. 
